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COMPLIANT HEAT EXCHANGE PANEL 

BACKGROUND OF THE INVENTION 



5 Field of the Invention 

The invention relates generally to heat exchangers and 
more particularly to a thin flexible heat exchange panel for 
transferring heat to or from a complex shape such as a 
10 portion of a human body. 



Description of the Prior Art 

15 Compliant heat exchange panels are used for cooling a 

portion of a human body for physical therapy, pre-game day 
conditioning, minor injury care, post orthoscopic surgery 
recovery, and as a replacement for general air-conditioning. 
The heat exchange panels operate by transferring heat from 

20 the human body to a heat absorbing medium having a lower 
temperature than the body. The heat exchange panel may be 
passive where the medium is stationary within the panel or 
active where the medium, typically a liquid, flows through 
the panel. A common example of a passive heat exchange 

25 panel is an ice pack. A limitation of a passive heat 
exchange panel is that the panel or the medium must be 
changed when the temperature of the medium rises. An active 
heat exchange system is more expensive because an external 
apparatus is required to pump and re-cool the liquid. 

30 However, an active heat exchange system is preferable for 

many applications because it can operate continuously over a 
long period of time while maintaining a constant 
controllable temperature. 

In order to achieve the best results in an active heat 

35 exchange panel, the flowing liquid at every point within the 
panel must have a nearly constant temperature and the panel 
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must be flexible in order to conform to the various complex 
shapes of the human body for thermal contact. These 
requirements are easier to meet when the heat exchange panel 
is very thin* 

5 Figs, la and lb are cross-sectional and plan diagrams, 

respectively, of a heat exchange panel of the prior art 
referred to by a reference number 100 and disclosed by 
William Elkins in United States patent numbers 4,884,304 and 
5,033,136 for a "Bedding System With Selective Heating and 

10 Cooling" . Similar heat exchange panels are disclosed by 
Elkins in United States patent numbers 3,830,676 for a 
"Process of Making a Controlled Thermal Device" and 
4,691,762 for a "Personal Temperature Control System". The 
heat exchange panel 100 includes a first layer 102 and a 

15 second layer 104. The first layer 102 and the second layer 
104 are sealed together at a common border 106 and at fences 
108. A liquid 120 is pumped so that it flows into an inlet 
port 122, through channels 124 between the fences 108, and 
out of an outlet port 126. The pressure of the liquid 12 0 

20 causes the channels 124 to bulge to a certain thickness that 
depends upon the spacing of the fences 108. The panel 100 
makes external thermal contact at the bulges over the 
channels 124. The fences 108 should be spaced as close 
together as possible in order for the panel 100 to be as 

25 thin as possible. However, spacing the fences 108 closer 
together requires an increase in the number of fences 108 
and thereby reduces the area of the channels 124 where the 
panel 100 can make thermal contact. 

In the heat exchange panel 100, the border 106 and the 

30 fences 108 are straight and essentially without wrinkles or 
ripples. Unfortunately, the straight border 106 and fences 
108 cause the panel 100 to buckle when it is expanded with 
the liquid 120. The buckling impedes the flow of the liquid 
120 and prevents the panel 100 from conforming closely to 

35 complex shapes. Elastic material could be used to alleviate 
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these problems, however, the dimensions of elastic materials 
are more difficult to control. 

Fig. 2a is a plan diagram of a heat exchange panel 
referred to by a reference number 200 that was developed in 
5 part to improve upon the heat exchange panel 100. The heat 
exchange panel 200 includes a first layer that is similar to 
the first layer 102 (Fig. la) and a second layer similar to 
the second layer 104 (Fig. la) . The first layer and second 
layers of the panel 200 are sealed together at a common 
10 border 206, at fences 208, and at dots of a dot matrix 210. 
The dot matrix 210 is organized into first parallel lines, 
second parallel lines 213, and third parallel lines 214 for 
connecting each of the dots the nearest adjacent dots of the 
dot matrix 210. The lines 212-14 cross each other at angles 

15 of approximately 60°. A typical section 215 of the panel 

200 is expanded in a Fig. 2b. The Fig. 2b shows each of the 
dots in the dot pattern is at the center of an arc of six 
nearest adjacent dots. The six adjacent dots form a 
hexagonal pattern 216. Groups of four dots consisting of 

20 the center dot and a contiguous three of the nearest 

adjacent dots form a parallelogram 217. The liquid 120 is 
pumped to flow into an inlet port 222, between the fences 
208, in a nominal direction 225 through the dot matrix 210, 
and out of an outlet port 226. 

25 The pressure of the liquid 120 causes the channels 224 

to bulge between the dots of the dot matrix 210 to a certain 
thickness that depends upon the spacing of the dots. The 
panel 200 makes external thermal contact at these bulges. 
The dots of the dot matrix 210 should be spaced as close 

30 together as possible in order for the panel 200 to be as 

thin as possible for conforming to complex shapes of various 
portions of the human body and avoiding warm spots due to 
relative stagnation of the liquid flow. However, increasing 
the number of dots of the dot matrix 210 reduces the area of 

35 the bulges where the panel 200 can make thermal contact. 
Consequently, it is important to space the dots of the dot 
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matrix 210 as close together as possible while using a 
minimum number of dots. Unfortunately, while an improvement 
over the panel 100, the heat exchange panel 200 having the 
dot matrix 210 having the lines 212-14 crossing at angles of 

5 60° with the hexagonal pattern 216 is not optimum in this 
respect. 

The panel 200 differs from the panel 100 by having 
trapezoid and triangular shaped wrinkles in the border 2 06 
and the fences 208. The wrinkles reduce the tendency to 

10 buckle when the panel 200 is inflated and enable the panel 
200 to conform better to complex shapes as compared to the 
panel 100. However, the hard corners of the wrinkles 
decrease the laminar flow of the liquid 120 enabling thermal 
zones of warmer liquid to form, thereby reducing the 

15 performance of the heat exchange panel 200. 
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SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a compliant heat exchange panel that is superior to 
5 the prior art for conforming and making thermal contact to 
complex shapes and for providing a more uniform temperature. 

Briefly, in a preferred embodiment, the heat exchange 
panel of the present invention includes first and second 
layers having seals between the layers at a common border, 
10 at fences, and at dots of a dot matrix. The dot matrix is 
organized into first parallel lines and second parallel 
lines that connect each of the dots to the nearest adjacent 
dots at a 90° angle. In an active heat exchange panel, the 
first and second parallel lines are generally 45° to the 
15 direction of fluid flow. The seals at the border and the 
fences are rippled with no sharp changes in direction. 

An advantage of a heat exchange panel of the present 
invention is that a dot matrix attachment pattern is 
organized for providing a greater area of thermal contact by 
20 minimizing the number of dot attachments for a given panel 
thickness when inflated and maintaining a more constant 
panel thickness. 

Another advantage of a heat exchange panel of the 
present invention is that border and fence seals are rippled 
25 thereby reducing buckling when the panel is inflated. 

An advantage of an active heat exchange panel of the 
present invention is that a dot matrix pattern provides a 
more uniform temperature through better mixing of a fluid 
flow. 

30 Another advantage of an active heat exchange panel of 

the present invention is that border and fence seals have 
smooth ripples thereby providing greater compliance and 
reducing areas of stagnation for a more uniform temperature. 
These and other objects and advantages of the present 

35 invention will no doubt become obvious to those of ordinary 
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skill in the art after having read the following detailed 
description of the preferred embodiments which are 
illustrated in the various figures. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs, la and lb are plan and cross-sectional diagrams, 
10 respectively, of a first flexible heat exchange panel prior 
art; 

Fig. 2a is a plan diagram of a second flexible heat 
exchange panel of the prior art; 

15 

Fig. 2b is an expanded section of the plan diagram of 
the heat exchange panel of Fig. 2a; 

Figs. 3a and 3b are plan and cross-sectional diagrams, 
20 respectively, of a flexible heat exchange panel of the 
present invention; 

Fig. 3c is an expanded section of the plan diagram of 
the heat exchange panel of Figs. 3a-b; and 

25 

Fig. 4 is a block diagram of a system of the present 
invention using the heat exchange panel of Figs. 3a-c. 

30 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figs. 3a and 3b are a plan and a cross-sectional 
diagram, respectively, of a heat exchange panel of the 
5 present invention and referred to by a reference number 300, 
The heat exchange panel 300 includes a first layer 302 and a 
second layer 304. The first layer 302 and the second layer 
304 are sealed together at a common border 3 06, at fences 
308, and at dots of a dot matrix 310. Preferably, the 

10 common border 306 is near to the perimeters of the first 
layer 302 and the second layer 304 but it does not need to 
be at the exact outside of the first layer 302 or the second 
layer 3 04. The dot matrix 310 is organized into first 
parallel lines 312 and second parallel lines 314 for 

15 connecting each of the dots to the nearest adjacent dots of 
the dot matrix 310. The lines 312 and 314 are approximately 

perpendicular within a range ±20°. In contrast, in the 
prior art panel 200 (Figs. 2a-b) the lines 212-14 (Figs. 2a- 
b) cross at angles of about 60°, thereby requiring a greater 

20 number of dots in the dot matrix 210 (Figs. 2a-b) and 

reducing the area of thermal contact unless the panel 2 00 is 
allowed to be thicker. 

In a passive application, the panel 300 is filled with 
a gel, a liquid, or other flexible medium having a desired 

25 temperature for transferring heat to or from an external 

body. The panel 300 is then wrapped about an external body 
in a manner to make the greatest area of thermal contact in 
order to transfer heat between the body and the medium. 
Typically, the panel 300 is used for cooling a limb, torso, 

30 neck, or head of a human being. The medium is replaced when 
its temperature increases or decreases outside of a 
desirable range. However, preferably, the panel 3 00 is used 
in an active application where a fluid 320 is pumped to flow 
into an inlet port 322, between the fences 308, through 

35 channels 324 in a nominal direction 325 around and past the 
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dots of the dot matrix 310 , and out of an outlet port 326, 
The movement of the fluid 320 around the dots of the dot 
matrix 310 causes a continuous mixing of the fluid 320. The 
mixing is important for avoiding warm spots and maintaining 
5 a uniform temperature* In order to promote such mixing, 
clear channels are avoided between the dots of the dot 
matrix 310 by arranging the first lines 312 and the second 
lines 314 at angles between 25° and 65°, preferably about 
45°, with respect to the nominal direction 325 of flow of 

10 the fluid 320. Fig. 3c shows an expanded view of a typical 
section 330 of the panel 300. Each of the dots in the dot 
pattern is a corner of a square pattern 332. 

The dots of the dot matrix 310 may be customized at the 
bends of the channels 324 to maintain an angle of 

15 approximately 45° of the lines 312 and 314 to the direction 
of the flow of the fluid 320 in the locality of the bends. 
In contrast, in the prior art panel 200 (Figs. 2a-b) the 
second parallel lines 213 (Figs. 2a-b) are generally 
arranged parallel to the nominal direction 225 (Figs. 2a-b) 

20 of the flow of the liquid 12 0 resulting in clear channels 
where the liquid 120 (Figs. 2a-b) can avoid mixing. The 
border 306 and the fences 308 are smoothly rippled with 
ripple cycle lengths that are substantially less than the 
lengths of the border 306 or the fences 308. Such ripples 

25 further promote mixing of the fluid 320. The inlet port 322 
and the outlet port 326 are preferred to have openings in 
the seal in the border 306 as shown in Fig. 3a. The ports 
322 and 326 may be reversed, thereby reversing the nominal 
direction 325 of fluid flow. Alternatively, the inlet port 

30 3 22 and/ or the outlet port 326 may have openings in the 
first layer 302 or the second layer 304. Preferably, the 
fluid 320 is a liquid, however, a gas may be used. In a 
preferred embodiment, the dots of the dot matrix 310 have a 
diameter of about 0.100 inches and a center to center 

35 spacing of about 0.250 inches when the panel 300 is flat. 
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When the panel 300 is filled with the medium or fluid, the 
channels 324 bulge to a height of about 0.060 to 0.080 
inches high by about 0.100 to 0.120 inches wide. The first 
layer 302 and the second layer 304 are an impermeable 
5 laminate having a fabric, such as Nylon, and three layers of 
Ether-based Polyurethane. The first layer of Polyurethane 
applied to the fabric has a relatively low density, the 
second layer has a relatively high density, and the third 
layer has a relatively low density in the laminating process 

10 that is available from Highland Industries of Framingham, 
Massachusetts. A Radio Frequency (RF) heat sealing process 
available from Ocean Vendors of Byron, California, is used 
for sealing the first layer 302 to the second layer 304 at 
the border 306, the fences 308, and the dots of the dot 

15 matrix 310 so that the fabric of the laminate is on the 
outside of the panel 300. Plates for the sealing process 
are made of Magnesium with a photo engraving process 
available from Custom Photo Engraving of Redwood City, 
California. Further information for the materials and 

20 processes for constructing the heat exchange panel 300 is 
disclosed by William Elkins in the 3,830,676, 4,691,762, 
4,884,304, and 5,033,136 patents incorporated herein by 
reference. 

25 Fig. 4 is a block diagram of a preferred embodiment of 

a system of the present invention and referred to by a 
reference number 400. The system 400 includes at least one 
heat exchange panel 300, the fluid 320, a heat transfer 
device such as a heater or a cooler 4 02 having a temperature 

30 control, a reservoir/ pump 404, and conduits 406, 408, and 
410. The cooler 402 cools the fluid 320 to a selected 
temperature and passes the cooled fluid 320 through the 
conduit 406 to the heat exchange panel 300. The cooled 
fluid 320 passes through the heat exchange panel 300 where 

35 it absorbs or passes heat energy through the first layer 302 
and/or the second layer 3 04 from or to a human body or other 
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external source of heat that is to be cooled or heated. 
From the heat exchange panel 300 the fluid 320 passes 
through the conduit 408 to the reservoir /pump 404 • The 
reservoir /pump 404 stores a supply of the fluid and pumps 
5 the fluid 320 through the conduit 410 to the cooler 402 
completing a fluid circuit. 

Although the present invention has been described in 
terms of the presently preferred embodiments, it is to be 

10 understood that such disclosure is not to be interpreted as 
limiting. Various alterations and modifications will no 
doubt become apparent to those skilled in the art after 
having read the above disclosure. Accordingly, it is 
intended that the appended claims be interpreted as covering 

15 all alterations and modifications as fall within the true 
spirit and scope of the invention. 

What is claimed is: 
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IN THE CLAIMS 

1. A heat exchange panel, comprising: 

a first layer; 

a second layer having a common border with the 
first layer; 

a border seal for sealing the first layer and the 
second layer at said border; and 

a dot matrix of attachments between the first 
layer and the second layer and within said border, the dot 
matrix organized into first lines and second lines for 
connecting dots of said dot matrix to nearest dots of said 
dot matrix, said first lines crossing said second lines at 

an angle in a range of about 70° to 110°. 

2. The panel of claim 1, wherein: 

the heat exchange panel is for passing a flow of a 

fluid; and 

said first lines and said second lines have an 
angle in a range of about 25° to 65° with respect to a 
nominal direction of said flow of said fluid. 

3. The panel of claim l f wherein: 

the border seal includes smooth ripples having 
ripple lengths substantially shorter than the length of said 
border . 

4. The panel of claim 1, further comprising: 

a first port for passing a fluid into the panel, 
a second port for passing said fluid out of the 

panel; and 

at least one fence for sealing the first layer and 
the second layer between the first port and the second port. 

5. The panel of claim 4, wherein: 
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the fence includes smooth ripples having ripple 
lengths substantially shorter than the length of the fence. 

6. A method of manufacturing a heat exchange panel, 
comprising steps of: 

sealing a first layer to a second layer at a 
common border; and 

attaching said first layer to said second layer 
within said border with a dot matrix of attachments, said 
dot matrix organized for connecting dots of said dot matrix 
to nearest dots of said dot matrix, said first lines 
crossing said second lines at an angle in a range of about 

70° to 110°. 

7. The method of claim 6, wherein: 

said heat exchange panel is for passing a flow of 
a fluid; and 

one of (i) said first lines and (ii) said second 

lines has an angle in a range of about 25° to 65° with 
respect to a nominal direction of said flow of said fluid. 

8. The method of claim 6, wherein: 

the step of sealing includes sealing said first 
layer to said second layer with a border seal having smooth 
ripples having ripple lengths substantially shorter than the 
length of said border. 

9. The method of claim 6, further comprising steps of: 

constructing first and second ports for passing a 
fluid into and out of said panel; and 

sealing said first layer to said second layer with 
at least one fence between said first port and said second 
port, said fence having smooth ripples having ripple lengths 
substantially shorter than the length of said fence. 
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10 ♦ A method for exchanging heat, comprising steps of: 

receiving a fluid flow in a first port; 

restricting a passage of said fluid flow between a 
first layer and a second layer; 

further restricting said passage with a border 
seal at a common border between said first layer and said 
second layer; 

passing said fluid flow through a dot matrix of 
attachments organized into first lines and second lines 
connecting dots of said dot matrix to nearest dots of said 
dot matrix, said first lines crossing said second lines at 

an angle in a range of about 70° to 110°; and 

issuing said fluid flow through a second port. 

11. The method of claim 10, wherein: 

one of (i) said first lines and (ii) said second 

lines has an angle in a range of about 25° to 65° with 
respect to a nominal direction of said fluid flow. 

12. The method of claim 10, wherein: 

said border seal includes smooth ripples having 
ripple lengths substantially shorter than the length of said 
border. 

13. The method of claim 10, further comprising a step of: 

further restricting said fluid flow with at least 
one fence between said first port and said second port. 

14. The method of claim 13, wherein: 

said fence includes smooth ripples having ripple 
lengths substantially shorter than the length of the sealing 
fence. 

15. A system for exchanging heat; comprising: 
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a heat transfer device for one of cooling or 
heating a fluid; 

a pump/reservoir coupled to the heat transfer 
device for storing and pumping said fluid; and 

a heat exchange panel coupled to the 
pump/reservoir and the heat transfer device, the heat 
exchange panel including a first layer, a second layer 
having a common border with the first layer, a border seal 
for sealing said first layer and said second layer at said 
border, a first port for receiving said fluid, a second port 
for issuing said fluid, and a dot matrix of attachments 
between said first layer and said second layer, said dot 
matrix organized for connecting dots of said dot matrix to 
nearest dots of said dot matrix, said first lines crossing 

said second lines at an angle in a range of about 70° to 
110°. 

16 • The system of claim 15, wherein: 

one of (i) said first lines and (ii) said second 

lines has an angle in a range of about 25° to 65° with 

respect to a nominal direction of a flow of said fluid. 

17. The system of claim 15, wherein: 

said border seal includes smooth ripples having 
ripple lengths substantially shorter than the length of said 
border . 

18. The system of claim 15, wherein: 

the heat exchange panel further includes at least 
one fence for sealing said first layer and said second layer 
between said first port and said second port. 

19. The panel of claim 18, wherein: 

said fence includes smooth ripples having ripple 
lengths substantially shorter than the length of said fence. 
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ABSTRACT OF THE DISCLOSURE 

A heat exchange panel for use in an active heat 
exchange system* The heat exchange panel includes first and 
5 second layers having seals between the layers at a common 
border, at fences, and at dots of a dot matrix • The dot 
matrix is organized into first parallel lines and second 
parallel lines where the first and second parallel line 

cross at a 90° angle. The seals at the border and the 
10 fences are rippled with smooth ripples. 
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Fee for recordation of assignment of patent application $40 



Total $ 476 
A check in the amount of the total is enclosed to cover the filing fees. 
Please address all future correspondence to: 

David R. Gildea, 435 Hermosa Way, Menlo Park, CA 94025, telephone (650) 853-0189 
Date: 07/31/98 

Docket No. OR209 David R. Gildea 

Reg. No. 38,465 



Applicant: William Elkins 

Title: COMPLIANT HEAT EXCHANGE PANEL 

U.S. Serial No. 

Date Filed: 



Group Art Unit: 
Examiner: 



SMALL ENTITY DECLARATION- SMALL BUSINESS CONCERN 



I hereby declare that I am an officer of the small business concern empowered to act on behalf of the 
concern identified below: 

Name of concern: ORISA Technologies Corporation 

Address of concern: 600 Hobart Street, Menlo Park, California 94025 

I hereby declare that the above identified small business concern qualifies as a small business concern as 
defined in 13 CFR 121.3-18 and reproduced in 37 CFR 1.9(d), for purposes of paying reduced fees under 
section 41(a) and (b) of Title 35 United States Code, in that the number of employees of the concern, 
including those of its affiliates, does not exceed 500 persons. For purposes of this statement, (1) the num- 
ber of employees of the business concern is the average over the previous fiscal year of the concern of the 
persons employed on a full-time, part-time or temporary basis during each of the pay periods of the fiscal 
year, and (2) concerns are affiliates of each other when either, directly or indirectly, one concern controls 
or has the power to control the other, or a third party or parties has the power to control both. 

I hereby declare that rights under contract or law have been conveyed to and remain with the small 
business concern identified above with regard to the above entitled invention of the above applicants and 
the specification filed herewith, 

I acknowledge a duty to file, in the above application for patent, notification of any change in status 
resulting in loss of entitlement to small entity status prior to paying, or at the time of paying, the earliest 
of the issue fee or any maintenance fee due after the date on which status as a small entity is no longer 
appropriate. (37 CFR 1.28(b)). 

I hereby declare that all statements made herein of my own knowledge are true and that all statements 
made on information and belief are believed to be true; and further that these statements were made with 
the knowledge that willful false statements and the like so made are punishable by fine or imprisonment 
or both, under Section 1001 of Title 18 of the United States Code, and that such willful false statements 
may jeopardize the validity of the application, any patent issuing thereon, or any patent to which this 
verified statement is directed. 




Name and Title of Officer 



Address of Officer 



